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ABSTRACT 



23/126 



A process for preparing a polymeric form of ferric sulphate 
wherein an acidic aqueous solution including ferrous sul- 
phate is oxidized to form ferric sulphate in the solution in an 
oxidation stage at ambient pressure and in the absence of 
oxidation catalyst using at least one oxidizing agent The 
ferric sulphate is subsequently at least partially hydrolyzed 
by addition to the solution of at least one base. The ferric 
sulphate is kept in contact with the base at the temperature 
selected for a time sufficient for polymerization of the at 
least partially hydrolyzed ferric sulphate. The polyferric 
sulphate (PFS) obtained by embodiments of such a process 
can be used as a coagulant or flocculant in water treatments 
for decolorizing, purifying or reducing pollutants with 
improved performance compared to conventional ferric sul- 
phate and aluminium sulphate treatments. 

20 Claims, No Drawings 
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PREPARATION AND USES OF POLYFERRIC 

SULPHATE 



concentration, perhaps of the order 30 volumes, it may even 
be possible to effect the oxidation stage at ambient 
temperatures, for example at a temperature in the range of 
15° to 25° C Oxidation temperatures when using hydrogen 
peroxide may be 70° C or lower, such as 60° C. or lower, 
preferably no higher than 50° C 

Oxidation temperatures when using nitric acid as the 
oxidising agent, may be 110° C or lower, such as 90° C or 
lower, preferably no higher than 70° C. (which temperature 

tg 



Chemical coagulants for drinking water, to purify and/or 
decolourise municipal water supplies for human consump- 
tion are known and include iron and aluminium-based 
inorganic coagulants. 

Polyferric sulphate. PFS, is one known form of coagulant 
which has also been used to treat municipal and industrial 

waste waters to help remove, by flocculation, suspended 10 may be possible when using the very coventrated, f 
organic waste matter. There is currently considerable interest 
in the more widespread application of PFS as coagulants. 
Because of its relative efficiency. PFS may need less chemi- 
cal addition, it can have a greater removal capacity and may 
reduce the volumes of waste concentrates that require dis- 15 
posal or further treatments. 

PFS is a known chemical and there are several patents 
describing methods for its preparation. 

The present invention is concerned with methods for 



nitric acid having a strength of at least 90%). 

The oxidation time for a preferred one-step oxidation 
stage may be up to 3 hours, for example up to 2 hours, more 
preferably 1.75 to 1 hours. The oxidation time, as with the 
oxidation temperature, may depend upon the nature and 
strength of the oxidising agent used and the molar ratio of 
oxidantiron [Fe 2 *]. 

It is preferred to cany out the oxidation such that there 
is a near-complete oxidation of ferrous [Fc 2+ ] ions to ferric 



ig to 



is an example. 

Essentially, the chemical can be prepared ac 
this invention by oxidising ferrous sulphate to ferric 
sulphate, and then carrying out a controlled, partial hydroly- 
sis of the ferric sulphate to produce a heterogenous mixture 25 
of iron (HI) hydrolysis species. [Fe(0H)J (3 ^ H , and poly- 
nuclear complexes of iron (HI), (Fe m (OH)J n (3w ~* >H \ The 

te 



preparing polymeric forms of ferric sulphate, of which PFS 20 [Fe**] ions. In consequence it is preferable for the 

tration of ferrous ions in the solution after the oxidation step 
to be less than 2.5% (Fe^TFe 5 *), more preferably less than 
1.25% (Fe^VFe 3 *), most preferably less than 0.25% (Fe*7 
Fe 3 *). 

The molar ratio of oxidant:f errous ions in the solution, 
for the oxidation stage may depend upon economics and the 
desire to bring about the aforementioned near-complete 
functions of these species are to provide both colloid charge oxidation of ferrous ions in aqueous solution, to ferric ions 
neutralization and polymer bridging between floe particles, in the same solution. The molar ratio may also be influenced 
leading in practice to a greater coagulating (and therefore. 30 by the choice of oxidising agent and its relative strength, the 
treatment) performance. oxidation temperature required or otherwise selected and the 

According to this invention mere is provided a process oxidation time necessary for this near-complete oxidation, 
for preparing a polymeric form of ferric sulphate wherein an For example, when using nitric acid as the oxidising 
acidic aqueous solution comprising ferrous sulphate is oxi- agent at say 90° C, at a concentration of 70%, the preferred 
dised to form ferric sulphate in said solution in an oxidation 35 molar ratio of oxidant ferrous ions present in the aqueous 
stage at ambient pressure and in the absence of oxidation solution is no higher than 2:1, more preferably no higher 
catalyst preferably using at least one oxidising agent from than 1.5:1, most preferably about 1.13:1. 
the following: ozone, nitric add, peroxide, perchlorate and When using hydrogen peroxide as the oxidising agent at 
persulphate. say 50° C at a strength of 30 vols, then the preferred molar 

said ferric sulphate subsequently being at least partially 40 ratio of oxidarrtrf errous ions present in the aqueous solution 
hydrolysed by addition to said solution of at least one base, is no higher than 3:1 preferably no higher than 2:1 most 
the ferric sulphate being kept in contact with said base at the preferably about 1.81:1. These most preferred ratios have 
temperature selected for a time sufficient for polymerisation been found to achieve a near-complete oxidation of ferrous 



of the at least partially hydrolysed ferric sulphate. 



ions to ferric ions, Le. <03 g [Fe 2 T per liter after oxidation. 



The ferrous sulphate solution may be rendered acidic by 45 when the oxidation has been allowed to proceed for about 



addition of e.g. sulphuric add. This may usefully increase 
the level of sulphate ions in solution, without adding 
unwanted ionic species. The pH of the starting solution is 
preferably less than 2.0. more preferably in the range 0.8 to 

13. 

Preferably the oxidation stage is a one-step oxidation 
stage. Preferred oxidising agents include peroxide and nitric 
acid It is possible to use strong concentrated or even fuming 
nitric acid. 

Accordingly the concentration of the nitric acid used in 55 
the oxidation stage is preferably at least 50% by volume, 
more preferably at least 70% by volume although 
as concentrated as 90% by volume can be used. 

It is also preferred to use peroxide 



146 hours. 

We have also used this concentrated form of hydrogen 
peroxide (30 vols) in the oxidation stage, with a larger molar 
excess of oxidantferrous ions, at lower temperatures, even 
50 at ambient temperatures of about 20° C For example a 
molar ratio of 2.9:1 oxidantf errous ions led to near- 
complete oxidation even in the absence of oxidation catalyst 
and at ambient (atmospheric) levels of pressure. Thus addi- 
tional heat energy input for the oxidation may be avoided. 

In the secondary stage of at least partial hydrolysis, it is 
possible simply to add one or more bases to the ferric 
sulphate which has been formed in aqueous solution. The 
base can be strong or weak inorganic bases such as a 
hydroxide or bicarbonate of an alkali metal. In particular 



^.peroxide. The strength of the 60 sodium hydroxide or sodium bicarbonate can be used. The 

hydrogen peroxide' used, as with the option of nitric add hydrolysis stage can be likened to an 'aging* step during 

mentioned above, may be dictated by the economics of the which iron (ID) hydrolysis species, [F^OHXJ***** and 

cost of raw materials, oxidation temperature and oxidation polynuclear complexes of iron (HI), [Fe m (OH)J n (3,w ^ H * 

time. form as a polymeric form of ferric sulphate, often referred 

Thus a stronger oxidising agent will most likely allow a 65 to in the technical field as polyferric sulphate (PFS). 

shorter oxidation time and/or a lower oxidation reaction The hydrolysis stage is most preferably carried out 

temperature. With hydrogen peroxide at very strong immediately after a one-step oxidation process, by simple 
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were detected by the 1, 10-phenanthrene calorimetric 
method. The reaction temperature was then reduced to and 
kept at 50 (±0.2) °C The sodium bicarbonate solution was 
added into the reaction solutions, and the addition rate was 
controlled to allow that all NaHC0 3 solution was added 
within a 30 minute period. Finally, the reaction solutions 
were inaintaiiied at a temperature of 50 (±0.2) °C for 
another 15 hour period of aging. Hie PFS solution is thus 
prepared and, after cooling to room 



addition of base to the ferric ions which have been formed 
in the acidic, aqueous solution. It has not been found 
necessary to remove or even otherwise purify the ferric 
sulphate formed after the oxidation stage. 

The amount of base added is preferably such as to 
provide an [OHp[Fe]** molar ratio in the finished product 
obtained by the process, the polymeric form of ferric 
sulphate, of at least 0.1, preferably at least 0.2, more 
preferably 025-0.45:1.0. We have found that an actual ratio 

c€03:lrf[OHr:[Fermmefinal product gives adesirable iu £~ pfs- 
preferably up to 200 gT f of iron aiid most preferably upto is PFS soumon arc: 

350 gj- 1 of iron. low MW species (<03K>=2a0% (by weight of Fe), 

Elevated temperature may be necessary for the medium MW species (0-5-1019=70.0% (by weight of 
hydrolysis/polymerisation to proceed to a satisfactory [OH] Fe), 

-$PtT ratio, for example a temperature of at least 30° C, large MW species (>10K)=10.0% (by weight of Fe). 
preferably at least 40° C more preferably 45° C or higher, 20 Stability: 
such as 50° C Moreover the ferric sulphate can be kept in ^ m 
contact with the base for a time sufficient to obtain the 
aforementioned ratios of hydroxylferric ions in the final 
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polymeric product Up to 3 hours may be needed at 50° C 
preferably at least 2 hours. 

The polyferric sulphate (PFS) obtained is usually in the 
form of a liquid solution which may not require separation 
or purification prior to use. 

In use the polymeric form of ferric sulphate obtained, 
hereinafter also referred to for convenience as •polyferric 30 
sulphate* and abbreviated as PFS can be used as a coagulant 
or flocculant to help purify and/or decolourise water for 
d rinking water supplies and/or to reduce pollutants be they 
organic or inorganic, nitrogen- or phosphorus-containing 
such pollutants in municipal and/or industrial wastewaters. 35 

The PFS obtained by processes according to the inven- 
tion can be more economical in manufacture and/or confer 
better performance than PFS obtained by other 
dally established procedures. 



The PFS solutions prepared by mis method are stable over 
at least a 6 month stored period. 

Example 2 

The example described as follows is for the preparation of 
500 mL solutions of PFS with a FeflU) concentration of 40 
gflL using hydrogen peroxide as an oxidant 



1. FfcSTVHaO (100%) 

2. HjSO, (96%) 

3. HjQj (30%) 

4. Water 

5. NaHC0 s <05N) 



100 g 
8.2 mL 
20 X) mL 
212.5 mL 
214.0 mL 



EXAMPLES 1 AND 2 — PREPARATION 

Example 1 

The example described as follows is for the preparation of 
500 mL solutions of PFS with a Fc(III) concentration of 40 
g/L, using nitric acid as an oxidant 



1. PcSO4.7Ha0 (100%) 
ZHjS0 4 (98%) 

3. HNDj (70%) 

4. WHW 

5. NiHCO, (OSN) 



100 g 
8.2 mL 
ttJOmL 
2143 mL 
214.0 mL 



Preparation procedure: 

The ferrous sulphate* sulphuric acid and the water in the 
prescribed amounts were added to a one liter reactor with a 

speed controlled mixer. Hie reaction teinperature was con- ^ 
nulled by an electromantle. Then, the «f the m Properties of the prepared 



Preparation procedure: 

The ferrous sulphate, sulphuric acid and the water in the 
prescribed amounts were added to the one liter reactor, and 
40 the reaction temperature was controlled by an dectromantle 
Both the reactor and the electromantle were the same as used 
in the Example 1. The temperature of die mixed solutions 
was then raised to 40 (±0.2) °G accompanied by vigorous 
stirring. H 2 0 2 was added to the reaction solutions gently. 
45 After the addition of the hydrogen peroxide, me reaction 
temperature was raised to and kept at 50 {±02) °C, and the 
oxidation process continued, until more than 99% of ferrous 
iron has been oxidized to ferric iron (after approximately L5 
to 2.0 hours). The residual concentrations of ferrous iron 
50 were detected by the same method as described in the 
Example L The reaction temperature was kept at 50 (±0.2) 
°C to carry out the aging process. The sodium bicarbonate 
solution was added into the reaction solutions, and the 
addition rate was controlled to allow that all NaHC0 3 
solution was added within a 30 minute period Finally, the 
reaction solutions were maintained at a temperature of 50 
(±0.2) °C for another 1.5 hour period of aging. The PFS 
solution is thus prepared and, after cooling to room 
temperature, is ready for use. 
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mixed solutions was raised to 60 (±0.2) °C accompanied by 
vigorous stirring. Nitric acid was added to the mixed solu- 
tions gently. After the addition of the nitric acid, the reaction 
temperature was raised to and kept at 90 (±02) °C with 
continuing vigorous stirring, until more than 99% of ferrous 
iron has been oxidized to ferric iron (after approximately 1.5 
to Z0 hours). The residual concentrations of ferrous iron 
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[Fe(ra)>=40 g/L, [Fc(n)]^0.2 g/U OH/Fc (molar ratio) 
=03, pH=1.0-Ll, Average dectrophoresis mobfflty=6fc0.2 
urn cm/V s. Size distribution of the molecular species in the 
PFS solutions are: 
low MW species (<0.5K=19-5% (by weight of Fe), 
Jium MW species (0.5-10K)=69.0% (by weight of 
Fe), 
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higher MW species (>10K)=11.5% (by weight of Fe). 
Stability: 

The PFS solutions prepared by this method are stable over 
at least a 6 month stored period. 

Examples 3 to 8 

PFS solutions prepared by the methods described in the 
Examples 1 and 2 have been used as a coagulant for the 
treatment of algal-laden and upland coloured surface waters 



residual 0 3 concentration of 0.25 mg/L after a contact time 
of 8.0 min. A separate set of samples was analy sed to 
identify the kinds of algal species and to measure the total 
algal concentrations before and after treatment 

Table 1 presents example 3 using IT'S and other com- 
parative results (FS=ferric sulphate, AS=alurainiwn 
sulphate) for the treatment of two algal model waters in 
laboratory tests with the coagulants PFS, FS and AS at 18° 
C and at pH 7.5, for a given dose of 0.2 mM as Fe or AL 



in laboratory test and pilot-plant scale experiments. For the 10 ir ana ai pn /o, ror a given aose otv.2 mM as Fe or AL 
laboratory iar test exDeriments. a six-beak^r iar t*cr ^ R can be seen that the coagulation performance of PFS in 



laboratory jar test experiments, a six-beaker jar test appa- 
ratus was used with each beaker containing either 300 mL of 
real or model algal waters, or 500 mL of simulated coloured 
waters. The fast mixing time was 3 min at a paddle speed of 
300 rpm. the flocculation period was 25 min at a paddle is 
speed of 35 rpm. and the sedimentation period was 1 hour. 
Supernatant samples after settling were withdrawn for 
analysis of algal cells, turbidity. UV absorbance, DOC 
colour, residuals of Fe. Mn and AL The coagulation pH 



removing algae, turbidity, DOC, etc. was clearly superior to 
the other two conventional coagulants. 

Table 2 summarises results with PFS (Example 4), FS and 
AS (botfi comparative) for the treatment of coloured waters 
at 18° and 4° C. It can be seen from Table 2. that under the 
optimum coagulation conditions at 18° C, the removal 
efficiency achieved by the three coagulants was close. 
However, the required PFS dose was the lowest (0.107 mM 



required was achieved by prior addition of either HQ or 20 as Fe )- compared to FS (0.143 mM as Fe), and AS (0.185 

VT_n0 ..J<L I..*; n 1 , j m . . . ~\M „ At\ *^ it « . 



NaOH. and the solution pH was checked during the mixing 
and flocculation periods. To evaluate the coagulation per- 
formance at lower water temperatures (4° C). a special 
constant temperature bath was used with the jar test beakers. 
The low temperature of 4° C (±0.2) was maintained 
throughout the whole coagulation process and the one hour 
settling period. 

Pilot-plant experiments were undertaken which com- 
prised the processes of pre- ozonation, coagulation. 
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mM as Al), to achieve similar removal percentages. In 
addition, as shown in Table 2, the coagulation performance 
of PFS did not appear to be influenced significantly by low 
water temperatures. For AS and FS, however, low water 
temperature appeared to have an adverse effect on the 
removals of UV-Abs and DOC; but the removals of colour 
were slightly reduced. Residual concentrations of FS and AS 
were slightly increased at low water temperatures. 

Tables 3A and 3B show results from the pilot-plant 



flocculation, dissolved-air flotation (DAF). sand filtration, 30 experiments concerning the raw water qualities and removal 

intermediate ozonation and either GAC or B AC. In the test efficiencies by DAF (Table 3 A) and by DAF and sand filters 

period of about four weeks, the pilot plant was operated (Table 3B). PFS (Examples 5 to 8) displayed a much greater 

under the conditions of with and without application of treatment performance in removing algae, turbidity colour 

ozone, with coagulants of either PFS or ferric sulphate (FS) TOC and UV-absorbance (254 nm). The removal percent- 

for three doses (13,5 mg/L as Fe), and at a constant pH of 55 ages achieved by PFS at a dose of 3 mg/L were either similar 

7.5 Raw water flow rate was 2 m 3 /hr. The pre-ozone dose or even superior to those achieved by FS at 5 mg/L. 

and the contact time were 1.0 mg/L and 7.0 min, respec- indicating that coagulant dosing costs may be reduced for 

tively; and the intermediate ozone dose was set to achieve a the same treated water quality. 



TABLE 1 

Comparison of the treatment performance of PFS, FS tad AS at 18° C. (Algal model waters) 

Total TWbid- UV-Abi Vis-Abs 

cell DOC ity (254 mn) (420 nm) Cbltoid 

removal removal removal removal removal (floe) 

% % % % % 



Coagulants X» Y* X Y X Y X 



Example 3 FFS 9686 61 4588 79 5048 5448 6520 

FS 80 61 33 24 69 60 40 36J 45 36.5 28 -% 

AS 90 70 52 32 84 72 45 40 54 40 30 0 

•The unit is (meq IT* 1CT*). 

Coagulant dose fior X and Y is 0^0 mM as Al** or Fe**. 

•X- The water quality c ha ractei iati ct of Astcriooclla model waters: Total eeO cone. - 4.8 ■ 10* 

celbniL^IXX^lJppi^UV-Abs^ 

charge = -92 meq IT 1 10-*. 

*Y - The water quality characteristics of iynmetic algal waters (AsterioneDa 'model* water ♦ 2 
mg/L bumic substances): Total cell cone. = 5.0 « lO* cells mlr\ DOC = 4.8 ppm, UV-Abs(254 
ran) = 21.0 m"\ pH = 752, Turbkfity = A5 NTU, Colloid charge = -115 meq Lr 1 10-* 
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TABLE 2 




rr>mpQTMcm of the tre atment nerfbf 



(mM 



Co tar UV-Abi 
(420 nm) R % f2S4nm>R% 



DOC 
R% 



Residual Fc Rental Al 



Coegcfamt 
Example 4 ITS 



FeorAl) pH* 1FC. 4*C. 18»C. 4»C irC. 4* C ir C 4- C 18* C 4»C 



AS 

Riw water 



0.107 4 910 913 

0.143 4 91.1 895 

0.185 5 910 91.4 

— 8.1 5.82 m -1 



83.2 82.2 
84.8 805 
815 75.7 
38.8 nT* 



803 78.8 
902 76.7 
754 68.2 
8.2 mg/L 



OJ09 OJ098 
0.165 0.180 

0.05 mg/L 



0.064 0.C74 
0.14 mg/L 



cokxr removal, >80% UV removal and >75% DOC removal at 18° C. 
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TABLE 3 A 





Compen 


son of coagulation efficiency of VPS and FS 
tt» ~ir* jJmt csserimente rtw DAF.} 










UV Colour 
(254 nm) TOC (400 nm) 

f--*i faaEl 


Turbidity 




Running 
conditmna 




Raw • Raw Raw 
water R % water R. % water R. % 


Raw 

water R.% 


Example 6 


FS, 3 mg/L, no O, 
PFS, 3 mg/L, no O , 
FS, 5 mg/L, no 0 3 
FFS, 5 mg/L, no O, 


llX) 13.64 6.17 10.8 110 36.67 
115 26.10 638 21.0 133 5143 
110 20.83 6.18 1740 1L4 AOS) 
125 28.0 554 216 1154 48.68 


15 48 JO 

16 675 
16 41.6 
25 625 



% = Percentage removaL 



TABLE 3B 




of FFS and FS 
and 



UV 
(254 nm) 



TOC 



(400 nm) 
ftp 



Algae 




FS, 3 mg/L, no O, 

7 PFS, 3 mg/L, no O, 
FS, 5 mg/L, no O, 

8 PFS, 3 mg/L, no O, 



MO 18.18 6.17 2150 110 39.83 25 

115 30.43 638 24.76 133 53.23 16 

110 25X> 6.18 21.20 11.4 5OJ0 16 

115 36.0 554 26*8 1254 55.82 15 



64.8 79300 89.86 

73J0 249230 9628 

615 80000 5457 

692 208322 7034 
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We claim: . 

1. A process far preparing a polymeric form of feme 
sulphate, said process comprising toe steps of. (i) oxidising 
an acidic aqueous solution comprising, ferrous sulphate to 
form ferric sulphate in said solution at atmospheric pressure 
and in the absence of an oxidation catalyst, said oxidation 55 
step using at least one oxidising agent, (ii) partially hydro- 
Wzing the ferric sulphate solution obtained after said oxi- 
dation step by addition of at least one base, and (iii) aging 
the partially hydrolysed ferric sulphate solution obtained 
from said partial hydrolisis step at a temperature above 30° 
C sufficient for polymerisation of the partially hydrolysed 
ferric sulphate to a polymeric form of ferric sul P^« 

2. ITie process of claim 1 wherein greater than 99% of the 
ferrous ions in solution are oxidised to ferric ions prior to 
carrying out the partial hydrolysis step, 

3. The process of claim 1 wherein the oxidation step is 
completed in a time less man or equal to 3 hours. 



4. The process off claim 3 wherein the oxidation step is 
completed in a time less man or equal to 2 hours. 
5/Ihe process of daim 4 wherein said oxidation step is 



60 



65 



iTlne process of claim 1 wherein the partial hydrolysis 



v~~- ~. ... . partial hydrolysis 

step is earned out at a temperatoTe less u^ or equal to 50^ 

C . * 

ft. The process of daim 1 wherein the molar ratio of 

[OHr to [Fe*1 in the polymeric form of ferric sulphate is 

at least 0.1:1.0. ^ . . _ . 

9. The process of claim 8 wherein the ratio is at least 

0.2:1.0. ^ 

It. The process of claim 1 wherein the oxidising agent is 

selected from the group consisting of ozone, nitric aad, 

nMvvM* nmhlmte and persulphate. 

toe oxidising agent 



1L The process of daim It w: 

ses hydrogen peroxide. 
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12. The process of claim 1 wherein the acidic aqueous 
solution present prior to carrying out the oxidation step 
further comprises sulphuric acid. 

13. The process of claim 1 wherein the pH of the acidic 
aqueous solution present prior to carrying out the oxidation 
step is less than 2.0. 

14. The process of claim 13 wherein the pH is from 0.8 

toL5. 

15. The process of claim 1 wherein the oxidation step is 
carried out at a temperature less man or equal to 110° C. 
when nitric acid is used as the oxidizing agent 

16. The process of claim 1 wherein the oxidation step is 
carried out at a temperature from 15° C to 50° C. 

17. The process of claim 1 wherein the base is selected 
from the group consisting of a hydroxide of an alkali metal 
and a bicarbonate of an alkali metaL 
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species [FeCOlTjx]^* and polynuclear complexes of iron 
(ID) [Fe (m) (OH)J B (3m ^ y ^ form as the polymeric form of 
ferric sulphate during the partial hydrolysis step. 
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19. The process of claim 1 wherein the partial hydrolysis 
step is carried out immediately after the oxidation step 
without removal or purification of the ferric sulphate formed 
after the oxidation step. 

20. A method of treating water, said method comprising 
the step of: adding a polymeric form of ferric sulphate to 
said water, said polymeric ferric sulphate produced from a 
process comprising the steps of (i) oxidising an acidic 
aqueous solution comprising ferrous sulphate to form ferric 
sulphate in said solution at atmospheric pressure and in the 
absence of an oxidation catalyst said oxidation step using at 
least one oxidising agent, (ii) partially hydrolyzing the ferric 
sulphate solution obtained after said oxidation step by 
addition of at least one base, and (iii) aging the partially 
hydrolysed ferric sulphate solution obtained from said par- 
tial hydrolisis step at temperature above 30° C sufficient for 
polymerisation of the partially hyrolysed ferric sulphate to a 
polymeric form of ferric sulphate. 
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